Abstract Chronic myeloid leukemia (CML) is a myeloproliferative disorder characterized by the presence of an acquired mutation which affects the hematopoietic stem cell, leading to a striking overproduction of immature granulocytes. The first important clue to its pathogenesis the Philadelphia chromosome created by a reciprocal translocation between chromosomes 9 and 22 (t [9; 22] [q34; q11]). The development of the BCR-ABL-targeted imatinib mesylate represents a paradigm shift in the treatment of CML. Imatinib displays inhibitory activity against other kinase(s) that play a role in monocyte/macrophage development. Accordingly many studies revealed the role of cytokines in pathophysiology of myeloid neoplasia including participation of IL-1b in the pathogenesis of CML. This study designed to assess the behavior of IL-1b through newly diagnosed patients, different responders groups (optimal, suboptimal and failure cytogenetic response) and advanced stages (acceleration and crisis groups) of CML Iraqi patients whom receiving Imatinib mesylate (tyrosine kinase inhibitor), trying to elucidate the role of immunity in pathophysiology of CML disease development and treatments. In this study 96 Iraqi CML patients under imatinib mesylate treatment categorized by complete blood picture and fluorescent in situ hybridization analysis into different response groups and stages, then used an enzyme linked immunosorbent assay technique to assess serum level of IL-1b in each response group and advance stage (acceleration and transformed) of CML patients, in comparison to level in 32 healthy control subjects and 32 newly diagnosed CML. Out of 128 patients the mean serum of interleukin 1b level (pg/ ml) for the newly diagnosed, optimal responded, suboptimal responded, failure cytogenetic and advance stage of CML were 6.53 ± 3.81, 18.47 ± 4.29, 18.69 ± 3.03, 5.73 ± 2.44, and 18.10 ± 3.10, respectively. While healthy was 12.17 ± 3.44. The measurement of IL-1b before and during treatment of CML patients may contribute to the early identification of responder and non responder patients, and help in the earlier choice and/or design of alternative therapeutic strategies.
Introduction
Chronic myeloid leukemia (CML) is a clonal myeloproliferative disorder of primitive hemopoietic progenitor cells [1, 2] . It accounts for 15 % of all adult leukemias [3] . The cytogenetic hallmark of CML is the Philadelphia chromosome (Ph), created by a reciprocal translocation between chromosomes 9 and 22 (t [9; 22] [q34; q11]) [4] [5] [6] .
The course of the CML is characteristically triphasic: a chronic phase (CP) lasting 3-6 years is followed by transformation to an accelerated phase (AP) and then a terminal blast phase of short duration [7] ; the latter of which resembles an acute myeloid state [8] . The mechanisms behind CML disease progression are not fully understood, increasing evidence suggests that Src family kinases may be involved in CML disease progression through the induction of cytokine independence and apoptotic protection [9] .
Based on international randomized study of interferon and STI571 (IRIS) trial results, imatinib mesylate (Gleevec; Novartis Pharma) was approved the first-line treatment of CML [10] . Imatinib mesylate, a selective inhibitor of BCR-ABL kinase activity, selectively inhibits downstream signaling and the growth of BCR-ABL-positive cells, inducing apoptosis of these cells [11] . Although the majority of patients respond well to imatinib, a relevant proportion does not show an optimal response [12] .
In CML, altered interactions between leukemia stem cell and the bone marrow microenvironment can occur as a result of direct intercellular contact; secreted factors such as cytokines or chemokines; or through micro-environmental matrix; Specific signals from the surrounding stromal cells; proteins that regulate cellular adhesion and migration; growth factor receptor and integrin signals [13] . The deregulation of the hematopoietic processes leads to abnormal hematopoiesis and is associated with the development of cancer, including leukemia [14] .
Tyrosine phosphorylation of these BCR-ABL substrates results in the constitutive activation of multiple cytoplasmic and nuclear signalling cascades, which are shared with cytokines known to regulate the proliferation, differentiation and survival of hemopoietic cells [15] .
Participation of IL-1b in the pathogenesis of CML is supported by several studies. Analysis of adherent layers from CML patients showed constitutive expression of IL1b mRNA and biologically active protein [16] .
From this era, the present study conducted to assess the behavior of IL-1b through different responders groups (optimal, suboptimal and failure cytogenetic response) and advanced stage of CML patients whom receiving imatinib (tyrosine kinase inhibitor, TKI), trying to elucidate the role of immunity in pathophysiology of CML disease development and treatments.
Patients and Methods

Patients
The cross sectional study was conducted on 128 Iraqi cases of chronic myeloid leukemia with different stages and different therapy responses, receiving imatinib mesylate 400-800 mg per day for at least 18 months were evaluated. Patients were free of fever and any chronic illness such as diabetes mellitus, hypertension and infection; also they had no history of smoking or alcohol drinking. We used leftover samples to avoid the need for patients consent [17] .
Laboratory tests including complete blood picture (CBC) and fluorescent in situ hybridization (FISH) results were considered in our evaluation also. The patients were grouped to those responding, failure of response to therapy and those with progression disease advance stage : according to the European leukemia net (ELN) classification [18] CML patients on imatinib 400 mg/day for more than 18 months with FISH analysis results of optimal response (normal CBC and 0 % of FISH result), CML patients on imatinib 400 mg/day or more for more than 18 months of therapy with FISH analysis results of suboptimal and failure response (normal CBC and FISH analysis of 1-35 % and [35 % consequently) and CML patients on imatinib 400 mg/day or more for more than 18 months of therapy with FISH analysis results of advance stage (up normal CBC and FISH analysis [35 %). Of all cases, 32 patients were optimal response while another 22, 26, 16 patients were suboptimal response, failure cytogenetic and advance stage of CML subsequently. Also 32 newly diagnosed CML not receiving any therapy and another 32 healthy volunteers were included as comparative groups.
Sample Collection
Five ml of venepuncture blood sample was taken from 128 CML patients and 32 healthy control groups, and dispensed in plain tube and the serum specimens for quantitative determination of IL-1b concentrations were separated immediately after collection of venous blood and stored at -20°C freezer until analysis.
Determination of IL-1b Level
Serum IL-1b level was determined by ELISA using a quantitative sandwich enzyme immunoassay technique (Abcam, UK). All tests were carried out by following manufacturer instructions. Serum IL-1b level was calculated by interpolation from a standard curve that was performed in the same assay as that for the sample.
Statistical Analysis
The data were processed using the Statistical Packages for Social Sciences-Version 20 (SPSS-20 ''PASW'' Statistics). Serum level of IL-1b was presented as mean ± SD and differences between means were assessed by using independent Student t test.
Results
In present study, 128 cases of CML at different stages were included with male: female ratio 1.2:1 and mean age 41.06 ± 12.42 years ranging 20-76 years. By FISH BCR-ABL analysis for 80 (62.5 %) of CML patients, 25, 17.18, and 20.31 % had optimal, suboptimal cytogenetic response and failure cytogenetic result, respectively. While 25 % of the studied groups were newly diagnosed CML and 12.5 % were in advance stage of CML patients.
All CML patients except of newly diagnosed CML included in this study were on imatinib mesylate. Of these patients, 100, 63.6, 26.9, and 25.0 % (optimal, suboptimal, failure, advance stage, respectively) were on 400 mg/day while 36.4, 73.1, and 75.0 % (suboptimal, failure, advance stage, respectively) were on 600-800 mg/day of imatinib dose (Table 1) .
Patients characteristics according to their disease duration, CBC indices and FISH analysis results are shown in (Table 2) .
The mean serum ± SD (pg/ml) of interleukin 1b level for the newly diagnosed, optimal responded, suboptimal responded, failure cytogenetic CML and advance stage of CML was 6.53 ± 3.81, 18.47 ± 4.29, 18.69 ± 3.03, 5.73 ± 2.44, and 18.10 ± 3.10, respectively (Fig. 1) , while the mean level of interleukin 1b for healthy control group was 12.17 ± 3.44 (Fig. 1) .
The statistical analysis of IL-1b mean level through different stages of CML patients by using Student t test for two independent means at 0.05 level of significance is shown in (Table 3) .
Discussion
The progress made in the understanding of chronic myeloid leukemia since the recognition of a common chromosomal abnormality to the introduction of evermore effective tyrosine kinase inhibitors is unprecedented in cancer [19] . Recent mathematical models have been developed to study the dynamics of CML under imatinib treatment. None of these models incorporates the immune response through different stages of CML [20] .
Novel molecular targeted therapies, such as imatinib for CML, represent the first agents that inhibit cancer cells more than other dividing cells such as immune cells [21] .
In our study, 128 cases of CML at different stages the mean ± SD (pg/ml) of serum interleukin 1b level for the newly diagnosed, optimal responded, suboptimal responded, failure cytogenetic and advance stage of CML were 6.53 ± 3.81, 18.47 ± 4.29, 18.69 ± 3.03, 5.73 ± 2.44, and 18.10 ± 3.10, respectively, while the mean level for healthy control group was 12.17 ± 3.44.
Regarding newly diagnosed CML patients, our study analysis showed a significant decrease in serum level of IL1b (P value 0.0001), when compared to the results of healthy control group. This may be contributed; to the abnormal microenvironment and abnormalities in progenitors themselves of CML patients, as a presence of malignant stromal macrophages may secrete a low level of IL-1b which lead to decrease in the level of apoptosis.
In the imatinib therapy era, the assessment of IL-1b level through different responder groups and stages of CML patients, our results showed, CML patients who had achieved optimal (FISH analysis \1 %) cytogenetic response, their IL-1b serum level was significantly increased with P value 0.0001, when compared it with the newly diagnosed CML patients; suggesting that an imatinib inhibit the BCR-ABL cells proliferation and this might give chance of normal macrophage to proliferate and to produce IL-1b. Beside improvement of bone marrow microenvironment by imatinib, increasing serum level of IL-1b lead to an increasing in apoptosis of leukemic cells and this was shown in [22] . Engler et al. [23] , also speculate that rapid depletion of mature CML cells by imatinib may deprive CD34? cells of essential cytokines normally produced by the mature leukemic population. This cytokine-dependent environment may remove the proliferative advantage of leukemic hematopoiesis, facilitating the regrowth of the residual nonleukemic hematopoietic cells that will be reflected in deeper molecular responses.
From another view, those CML patients who had progression in their disease and they lost their cytogenetic response (suboptimal cytogenetic response i.e. FISH analysis 1-35 % and failure cytogenetic response i.e. FISH analysis[35 %), IL-1b serum level showed non-significant change with P value 0.836 for those with suboptimal responders while it's showed a statistical significant decreased in serum level for those patients with failure cytogenetic result when compared them to the optimal responders.
While patients in advance disease stage (acceleration and blast transformation), our data showed a significant increase in serum level of IL-1b when compared with the failure group, this is may be provide evidence that:
1. Leukocytes from patients with CML have high levels of biologically active IL-1b; 2. IL-1b levels are significantly higher in patients in accelerated and blast crisis phases of the disease, that is also shown in Wetzler et al. [16] .
The bone marrow microenvironment supports and regulates the proliferation and differentiation of hematopoietic cells. Clinically, CML is characterized by an abnormal expansion of malignant BCR-ABL positive myeloid cells. The abnormal haematopoiesis in CML is related, in part, to abnormalities in the hematopoietic cells themselves leading to abnormal interactions between CML progenitors and stroma [24] .
From our data, imatinib seems to be capable to remodulate the bone marrow microenvironment leading to conditions favourable to immune function restore and activate cells of the immune system. Thus microenvironment of the bone marrow gradually improves till optimal cytogenetic response is achieving where BCR-ABL then will be at a very low level. So the IL-1b will be rise to increase the apoptosis of cloned cells by increasing normal macrophage and monocytes levels This idea is similar to the conclude by Poggi and Zocchi [25] were found patients who are responder to imatinib mesylate, the production of the stromal-derived factor-1 (SDF-1) and of the B lymphocyte activating factor of the tumour necrosis factor family (BAFF), both involved in normal B cell development and maturation is induced by imatinib, at variance with non responder patients. Also another study which showed that antileukemia T-cell responses develop in the majority of analyzed CML patients in hematologic and cytogenetic remission under imatinib treatment [21] .
In our study, those responders CML patients were loss their imatinib efficacy and their complete cytogenetic response (i.e. failure cytogenetic group), the IL-1b level return to decrease as it may be due to increasing of BCR-ABL progenerators which will lead to produce abnormal macrophages and monocytes, accordingly there will be decreasing in apoptosis capability which may cause more progression of the disease.
Regarding suboptimal responders we suggesting that patients started to lose their cytogenetic response by increasing leukemic cloned cells in spite of still no change and affect the microenvironment of the bone marrow.
It is also possible that activated RAS promotes the proliferation of leukemic blasts by stimulating the expression of cytokines such as IL-1b, which can then serve as autocrine growth factors, and simultaneously activating components of the cell cycle machinery or by inducing other pathways that function independently of cytokine production. So it may imply that activation of RAS by mutation is responsible, at least in some cases, for autocrine IL-1b production in leukemias [26] . Malignant stromal macrophages appear to be responsible for the defects in stromal function and so cytokine may work dependently or independently on the cloned progenitors of the disease.
IL-1b may play a strong role in the pathogenesis of CML. This may be indicating that, cytokines in the malignant cloned disease working independently. In this study, serum level of IL-1b during activity of the disease was low and this returned to increase after initiation of the TKI as it inhibit the cloned cells and modulate the microenvironment of the bone marrow, so TKI give a chance for normal macrophage to work properly and secret IL-1b which may increase and re-establish the apoptosis in the treated CML patients. After patients loss their disease control by TKI, IL-1b level return to decrease again before patients transform to acceleration stage and this change in the IL-1b level may give us an early idea about the disease transformation from CP to advance stage.
Our results may differed and/or agree with some reports, although we tested a CML patients in different cytogenetic responses which was a new era to understand what's happening and to open a new view regarding role the of TKI in arrangement of the microenvironment of bone marrow in CML patients through analysis of IL-1b and it may give us an idea regarding using IL-1b as a test in detection disease progression before the transformation to advance stage.
Conclusion
This study showed, IL-1b may have a role in the pathogenesis of newly diagnosed CML.
Imatinib therapy might not only work through suppression of BCR-ABL myeloid leukemia cells but it may be open a window for the native immunity to work against proliferating leukemic cells, through re-arrangement of the microenvironment of the bone marrow and reestablishing the apoptosis by increase IL-1b level that is secreted from regeneration of macrophage and monocyte cells.
Decreasing IL-1b level during treatment with imatinib may give us an early idea about the disease status and progression before transformation to another stage (advance stage), beside of loosing disease control by imatinib therapy.
